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METHOD AND APPARATUS FOR DETECTING A STALL CONDITION 

IN A STEPPING MOTOR 

FIELD OF THE INVENTION 

This invention relates generally to motor control systems, and more 
particularly to a method and apparatus for detecting a stall condition in a 
stepping motor. Still more particularly, this invention relates to a method and 
apparatus for detecting and measuring changes in flux of a deenergized 
winding in a stepping motor to determine if the motor's rotor has stepped 
(rotated). 

BACKGROUND OF THE INVENTION 

Stepping motors are compact, direct drive motors which are capable of 
providing high torque with a high degree of accuracy. That is, such motors are 
characterized by gear ratios in the neighborhood of 200: 1 and can be 
incrementally stepped utilizing digital circuitry. For these and other reasons, 
stepping motors have been found to be especially suitable for use in 
automotive dashboard actuators such as speedometers, tachometers, and the 
like. 

A two phase stepping motor may described as comprising at least first and 
second coils (i.e. coil A and coil B) perpendicularly oriented with respect to 
each other which are alternately driven with currents of opposite polarities. 
For example, coil A is driven by a current of a first polarity, followed by coil 
B being driven by a current of the same polarity. Next coil A is driven by a 
current with a second opposite polarity followed by driving coil B with a 
current of the same opposite polarity, and so on. A magnetic ring attached to 
the motor's rotor is configured to have a plurality of pairs of poles (e.g. five 
pairs of north and south poles) that are individually and selectively attracted 
by the magnetic fields created by driving coils A and B as described above. In 
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the case of a speedometer or tachometer, the driving current is related to the 
physical speed of the vehicle (e.g. miles per hour (mph)) or the revolutions- 
per-minute (rpm) of the engine, as the case may be, which may, in turn, be 
reflected on a gauge by a needle or pointer attached to the rotor of the stepping 
5 motor. 

Unfortunately, a difficulty is encountered when stepping motors are 
unitized in open-loop applications of the type described above. Due to the 
lack of feedback, there is no way to determine if a motor has driven the needle 
or pointer to the correct position and no way to correct the reading if a step or 
10 steps have been lost. Furthermore, when power is removed from the stepping 
motor, the pointer remains in the position it occupied at the time power was 
turned off thus destroying the relationship between the variable being 
measured and displayed (e.g. mph, rpm) and the actual position of the pointer. 
J* Thus, it has been found necessary to initialize or synchronize the stepping 

El 15 motor with the position of the needle being driven thereby each time power is 

f applied to the system as, for example, when the ignition is first turned on or 

111 when the system is recovering from a failure such as an over-voltage 

j S condition, an inadvertent power interruption, or the like. This establishes a 

s predetermined and desired relationship between the stepping motor/needle 

p. i 20 assembly and the physical parameters being displayed. 

0J One technique for accomplishing the above described initialization or 

m calibration involves the detection of the motor's stall condition; i.e. the 

f*' condition of the stepping motor when the needle attached to its rotor is 

accurately positioned at the zero-point of the gauge (e.g. zero mph, zero rpm, 
25 etc.) or any other desired known position. In the past, one approach involved 
driving the motor's needle assembly counter-clockwise for an amount of time 
sufficient to move the needle from the farthest clockwise position capable of 
being reached by the needle to a point at which it strikes an obstacle such as a 
mechanical stop or peg located at a position on the gauge or within the 
30 stepping motor corresponding to zero. This might take as long as two seconds 
and could result in slamming the needle into the mechanical stop or peg 
causing it to bounce possibly distracting the driver. 
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It was latter recognized that a stepping motor's stall condition can be 
detected by monitoring the electro-motive-force (emf) developed in the 
stepping motor's coils (A and B) resulting from changes in flux therein due to 
the rotor's motion. That is, when the motor is stopped (as for example when it 
5 strikes the mechanical stop or peg) its rotor can no longer step or turn, and no 
emf voltage is generated. Thus, a technique was developed wherein the 
voltage created by the above described back emf is monitored by comparing it 
with a threshold voltage. If the threshold voltage is not exceeded, the stepping 
motor is assumed to be in its stalled position. For a further discussion of this 

10 approach, the interested reader is directed to U.S. Patent No. 5,032,781 issued 
on July 16, 1991 to Kronenberg and entitled "METHOD AND CIRCUIT FOR 
OPERATING A STEPPING MOTOR" and U.S. Patent No. 5,287,050 issued 
on February 15, 1994 to Kronenberg et al. and entitled "METHOD OF 
S YNCRONIZATION FOR AN INDICATION INSTRUMENT WITH 

15 ELECTROMAGNETICALLY CONTROLLED STEPPING MOTOR." 
While the above described approach is generally acceptable when a 
stepping motor is operating in a high-speed mode, it presents certain 
difficulties for low-speed applications. In a high-speed mode, the rotor is 
continually turning, and the magnetic flux in the non-driven coil or phase will 

20 change fairly smoothly. This results in the generation of a relatively smooth 
back emf voltage level. Due to the high speed, the lag between the rotor and 
the drive signal is slight; i.e. the rotor doesn't quite reach the magnetized pole 
before the drive signal changes. The magnetic flux will increase for a very 
short time after the pole is deenergized and then will decrease to substantially 

25 zero. This decrease results in the generation of a relatively steady voltage, the 
magnitude of which depends on the supply voltage and motor velocity; 
typically in the nature of a few hundred millivolts. Thus, a high-speed zero- 
point detection or reset merely involves determining if this voltage exceeds the 
predetermined threshold. However, in a low-speed mode, the back emf is not 

30 unidirectional but oscillates. Furthermore, the characteristics of the back emf 
can vary with the inertia of the rotor and the size of the load (e.g. mass of the 
needle) being driven by the motor. A heavy load could result in slower rotor 
movement and lower back emf voltages. Thus, merely comparing this voltage 



4 



sT-S 



to a predetermined threshold could result in inaccurate zero-point or reset 
detection and calibration. 

In view of the forgoing, it should be appreciated that it would desirable to 
provide a method and apparatus for detecting a stall condition in a stepping 
5 motor which is dependent only on motor design and is independent of the load 
being driven by the motor. 

BRIEF DESCRIPTION OF THE DRAWINGS 

10 The following drawings are illustrations of particular embodiments of the 
invention and therefore do not limit the scope of the invention, but are 
presented to assist in providing a proper understanding of the invention. The 
drawings are not to scale (unless so stated) and are intended for use in 
conjunction with the explanations in the following detailed description. The 

15 present invention will hereinafter be described in conjunction with the 
accompanying drawings, wherein like referenced numerals denote like 
elements, and; 

Figures 1, 2 and Figure 3 are exposed plan views illustrating the basic 
elements of a stepping motor and their relative positions at three stages of 
20 operation; 

Figures 4 and 5 illustrate the timing and polarity of driving currents for 
coils A and B of the stepping motor; 

Figure 6 is a functional block diagram illustrating the use of a stepping 
motor for displaying a variable such as vehicle speed, engine rpm, or the like; 
25 Figure 7 is a schematic diagram partially in block form of a stall condition 
detection circuit in accordance with the present invention; and 

Figure 8 illustrates a series of signals appearing at the output of the 
integrator shown Figure 7 for comparison with a threshold to determine a stall 
condition. 

30 
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DESCRIPTION OF THE PREFFERED EXEMPLARY EMBODIMENTS 

Figures 1, 2, and 3 are exposed plan views illustrating three sequential 
stages of operation of a two-phase stepping motor. As can be seen, the 

5 stepping motor comprises a housing 10, first and second coils A and B 
disposed substantially perpendicularly to each other, and a rotor 12 which 
rotates about an axis 14 and which is surrounded by a magnetic ring 16 
containing a plurality of pole-pairs. That is, magnetic ring 16 comprises a 
plurality of alternately spaced north poles 18 and south poles 20. Stepping 

10 motors of this type are well-known and may be of the type designed by 

Moving Magnet Technologies (MMT) located in France and manufactured in 
Japan by Yazaki. 

Referring to Figure 1, coil A is driven with a positive current such as is 
shown at time Ti (0 degrees) in Figure 4. This creates a north pole in coil A in 

15 region 25 adjacent magnetic ring 16. Thus, a south pole 22 comes to rest 
adjacent coil A. It is to be noted that a second south pole 24 is positioned 
slightly in front of coil B. At time T 2 (90 degrees) shown in Figure 5, positive 
current is supplied to coil B, and the drive current previously applied to coil A 
is terminated (i.e. transitions to zero). This creates a positive pole at extremity 

20 26 of coil B causing magnetic ring 16 and therefore rotor 12 to rotate by 
eighteen degrees such that south pole 24 comes to rest adjacent coil B as is 
shown in Figure 2. Next, (at time T3 - 180 degrees) coil A is supplied with a 
negative current shown in Figure 4, which creates a south pole at extremity 25 
at coil A while coil B is undriven. In this case, north pole 28 on magnetic ring 

25 16 is attracted by the south pole created at extremity 25 causing it to step 
forward to a position adjacent extremity 25 as is shown in Figure 3 thus 
stepping rotor 12 forward another eighteen degrees. It is well known that by 
choosing the appropriate drive currents, half-stepping or even micro-stepping 
can be achieved. Thus, by continuing to provide drive currents to coil A and 

30 coil B as shown in Figures 4 and 5 respectively, rotor 12 is caused to rotate. 
Since the production of control voltages and currents for stepping motors is 
well known, further discussion at this time is not deemed necessary. 
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As each coil is deenergized (e.g. coil A transitioning from time Ti to time 
T 2 and from time T 3 to time T 4 as shown in Figure 4 and coil B transitioning 
from time T 2 to time T 3 and from time T 4 to time T 5 as shown in Figure 5), a 
back electro-motor-force (emf) is produced in the respective coils. By 
5 monitoring the back emf voltages, a stall condition of the stepping motor can 
be detected since if the motor is stalled, there will be no rotation transition and 
therefore no back emf signal. Such a condition is shown at time T 8 shown in 
Figure 8. 

As stated previously, it is known to monitor the voltage created by the back 

10 emf and compare it to a threshold voltage, the purpose being that if the voltage 
exceeds the threshold voltage, the motor's rotor is still rotating, and if the 
voltage does not exceed the threshold voltage, the rotor has stopped and is in a 
stall condition. Such a system is shown in Figure 6 which illustrates a 
stepping motor 30 includes coils A and B which are driven as previously 

15 described to cause rotor 12 to turn. Rotor 12 is coupled by means of a shaft 32 
and transmission 34 to an actuator load in the form of a needle or pointer 36 
on a display or gauge 38. A signal representative of a variable such as vehicle 
speed or motor rpm to be displayed at gauge 38 is applied to an input 40 of 
control unit 42. Control unit 42 contains the appropriate combinatorial logic 

20 to convert the magnitude of the signal appearing at input 40 to a number of 
steps that stepping motor 30 must be rotated in order that needle 36 accurately 
reflect a measurement of the display variable. Control unit 42 also monitors 
the back emf signals produced in coils A and B and provides these signals to a 
stall detector 44 which in the past has involved merely comparing the back 

25 emf voltage to a threshold voltage to detect a stall condition. Unfortunately, 
as stated above, in a low-speed mode, the back emf is not unidirectional but 
oscillates and its characteristics vary with the inertia of the rotor and the size 
of the load (in this case the mass of needle 36) being driven by the rotor. The 
back emf voltage is proportional to the rate of change of the magnetic flux 

30 with respect to time; i.e. V em f = d€>/dt. This voltage is load dependent as 
described above. However, the integral of the change in magnetic flux 
represents the total change in magnetic flux and is not impacted by the flux 
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changing slowly or quickly (i.e. load dependent effects) or by drive current 
variations. 

This characteristic is taken advantage of by the inventive stepping motor 
stall detection circuitry shown in Figure 7 which is a functional schematic 
5 diagram, partially in block diagram form. Coils A and B, previously referred 
to, are each associated with coil drive-current control and generation circuitry 
which, under the control of logic circuit 50, determines when, in what 
direction, and to what extent each coil is driven. Each coil is also provided 
with multiplexer circuitry for providing corrected polarity back-emf voltage 
10 signals to integrator 52. For example, the application and direction of current 
flowing through coil A is determined by switches S1-S4. Similarly, switches 
S9-S12 control the application and direction of current applied to coil B. As 
can be seen, switches S1-S4 and S9-S12 are in turn controlled by control logic 
K 50. 

O 15 The back emf voltage signals which result from rotor movement will have 

L;J a first polarity if the current of coil A is flowing from right to left and a second 

111 polarity if flowing from left to right. To assure that all emf voltage signals are 

V provided to integrator 52 with the same polarity, coil A is provided with 

f multiplexer circuitry comprising switches S 5 -S 8 . Similarly, coil B is provided 

III 20 with multiplexer circuitry comprising switches S13-S16. As was the case 

W previously, switches S 5 -S 8 and S13-S16 are coupled to and controlled by control 

III logic 50. 

^ As can be seen, switch Si is coupled between a source of supply voltage Vc 

and a first terminal of coil A, switch S 2 is coupled between V c and a second 

25 terminal of coil A, switch S 3 is coupled between the first terminal of coil A 
and ground, and switch S 4 is coupled between the second terminal of coil A 
and ground. Switches S9-S12 are similarly configured with respect to coil B. 
Coupled across the terminals of coil A is (1) a first pair of series coupled 
switches S 5 and S 6 and (2) a second pair of series coupled switches S 7 and S 8 . 

30 Likewise, coupled across the terminals of coil B is (1) a first pair of series 
coupled switches S13 and S14 and (2) a second pair of series coupled switches 
S15 and Si6- The junction of switches S 5 and S 6 and the junction of switches of 
S13 and S14 are coupled to a first input 54 of integrator 52 which has an 
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internal resistance R int associated therewith. The junction of switches S 7 and 
S 8 and the junction of switches of S15 and Si6 are coupled to a second input 56 
of integrator 52 which is also coupled to a reference voltage V re f. An internal 
capacitor Q nt is coupled across input 54 and output 58 of integrator 52 as are 

5 the terminals of switch S14, the purpose of which will be described herein 
below. As can be seen, switch S14 is likewise under the control of control 
logic 50. The output of integrator 52 is coupled to a first input of comparator 
60. The second input of comparator 60 is coupled to receive a threshold 
voltage V T . The output of comparator 60 is coupled to terminal 62 which 

10 indicates whether or not a stall condition has been detected. 

The operation of the stall detection circuit shown in Figure 7 will now be 
described in conjunction with Figures 4, 5, and 6. At zero degrees (time Ti), 
coil A has a positive drive current applied to it by closing switches Si and S 4 . 
At 90 degrees (time T 2 ), low drive current is applied to coil A; however, a 

15 positive drive current is applied to coil B by closing switches S 9 and S12. The 
drive current through coil B causes the rotor of the stepping motor to rotate 
creating a back emf in coil A. By closing switch S 5 and S 8 , this emf is applied 
to integrator 52 by coupling terminal 64 of coil A through switch S5 to input 
54 of integrator 52 and by coupling terminal 66 of coil A through switch S 8 to 

20 input 56 of integrator 52. At 180 degrees (time T 3 ), the drive signal through 
coil B is terminated; however, a negative drive current is applied to coil A by 
closing switches S 2 and S3 causing the stepping motor's rotor to continue 
moving past coil B which in turn produces a back emf in coil B. This back 
emf is coupled to integrator 52 by coupling terminal 68 of coil B through 

25 switch S13 to input 54 of integrator 52 and by coupling terminal 70 of coil B to 
terminal 56 of integrator 52 via switch S i6 . 

At 270 degrees (time T 4 ), the drive current to coil A is terminated and a 
negative drive current is applied to coil B by closing switches S10 and Sn. 
Since coil A has transitioned from a driven to an undriven state, a back emf 

30 voltage is produced, only this time of opposite polarity to that which was 

created at 90 degrees. However by closing switches S 6 and S 7 , terminal 66 of 
coil A is coupled to input 54 of integrator 52, and terminal 64 of coil A is 
coupled to input 56 of integrator 52 via switch S 7 . In this manner, the pulse 



has been rectified (i.e. its polarity corrected) to provide a back emf signal to 
integrator 52 of the same polarity. In a similar fashion, at 360 degrees, coil B 
transitions from a negatively driven state to an undriven state generating a 
back emf voltage of opposite polarity to that which was generated at 180 
degrees (time T 3 ). Again, however, this polarity is reversed by closing 
switches S\ 4 and Si 5 to couple terminal 68 of coil B to input 56 of integrator 
52 and terminal 70 of coil B to input 54 of integrator 52. Thus, a series of 
integrated signals shown in Figure 8 will appear at the output of integrator 58. 

Since, the back emf voltages are the result of the rotor continuing its 
motion past coils A and B, no back emf will be generated if the rotor has 
stalled. This condition is shown at time T 8 in Figure 8. The signals shown in 
Figure 8 are applied to a first input of comparator 60, and a threshold voltage 
V T is applied to a second input. At time T 8 > the output of integrator 52 will not 
exceed threshold V T and a stall will be detected. 

In addition to the change in flux in coils A and B which results from rotor 
motion, it should be understood that drive current decay causes an additional 
change in flux in the coils. In order to prevent the stall detection process from 
being influenced by the decay of the drive currents in the coils, the inventive 
stall detection circuit provides for (1) the generation of a sufficient voltage 
across the coils to cause rapid current decay and (2) a short masking or 
blanking period between the deenergizing of a coil and the integration of the 
emf voltage during which the back emf voltage is ignored. This masking or 
blanking period is provided by switch Si 4 which, under the control of control 
logic 50, maintains integrator 52 in a reset condition. The blanking period can 
be a predetermined length or the length could be programmable. Furthermore, 
the inventive stall detection circuit could include circuitry which determines 
when the current in the coil has sufficiently decayed prior to commencing 
integration. 

Diodes Di and D 2 assist in the rapid decay of drive current in coil A, and 
diodes D 3 and D 4 assist in the rapid decay of drive current in coil B. They 
accomplish this by providing a sufficient voltage across coils A and B 
respectively. As can be seen, diodes Di and D 2 have their anodes coupled 
together and to ground while their cathodes are coupled to terminals 64 and 66 
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respectively of coil A. Diodes D 3 and D 4 are similarly configured with respect 
to coil B. 

Thus, there has been provided a method and apparatus for detecting a stall 
condition in a stepping motor which independent of variations in the coil drive 
currents and load characteristics of the motor. The back emf voltages in the 
coils due to rotor motion are first rectified to provide a series of pulses of the 
same polarity and then integrated. The output of the integrator is then 
compared to a threshold voltage to determine if a stall condition exists. 

While preferred exemplary embodiments have been presented in the 
foregoing detailed description, it should be appreciated that a vast number of 
variations in the embodiments exist. The above description is given by way of 
example only. Changes in form and details may be made by one skilled in the 
art without departing from the spirit and scope of the invention as defined in 
the appended claims. 



